The Bulgarian raspberry germplasm collection contains both Bulgarian and foreign varieties 
Introduction
The genus Rubus is one of the most diverse in the plant kingdom with over 500 heterozygous species within 12 subgenera (1). The most commercially important of the domesticated subgenera is Ideobatus (raspberries). The subgenera contain some 200 species showing considerable differentiation, of which the most commercially important are the European red raspberry (R. ideus ssp.vulgatus Arrhen.), the North American red raspberry (R. ideus ssp. Strigosus Michx) and the black raspberry (R. occidentalis L.) Roach (2) and Jennings (1) gave account of the early domestication of red raspberry (R. ideus). Five parent cultivars dominate the ancestry of red raspberry: `Lloyd George` and `Pynes Royal` entirely derived from the European subspecies and `Preussen`, `Cuthbert` and `Newburgh` derived from both European and North American subspecies. Domestication has resulted in a reduction of both morphological and genetic diversity in red raspberry (3, 1) with modern cultivars being genetically similar (4, 5) .
The accurate classification of species and cultivars based on morphological characters can be difficult. The development of molecular biology has resulted in DNA based marker procedures that should lead to a greater understanding of relationships between species and more accurate taxonomic classification. These techniques should also allowed more effective understanding of crop plant's genetic architec-ture and utilization of genetic diversity by breeders and identification of species and cultivars by means other than morphological characteristics (6) .
Chloroplast DNA probes has been unable to detect variation between raspberry cultivars (7) and minisatellite DNA and other oligonucleotides used as probes in RFLP analyses (8, 9) have proved to be time consuming and require the use of radioisotopes.
For the first time PCR-based DNA markers (RAPDs, AFLPs genomic SSRs and EST-SSRs) and genetic linkage map in Rubus has been developed in Scottish Crop Research Institute by Graham et al. (10) . Such genetic linkage maps can facilitate the application of diagnostic DNA markers for polygenic traits and the identification of genes controlling complex phenotypes.
The assessment of Bulgarian cultivars in comparison with foreign widely grown raspberry cultivars by means of SSR markers will give information for genetic diversity in Bulgarian germplasm collection and can facilitate the accurate selection of genotypes with valuable agronomic characters in breeding programmes.
Materials and Methods
Plant material. Diploid raspberry varieties: B. Rubin, Iskra, Shopska alena, Samodiva, Lyulin, Tulameen, Schonemone, Fairwiew, Zeva-II, Meker, Willamette, Veten, Heritigae and two wild accessions-R. Ocidentalis, R. adiene from collection of Genetic Resources Group at AgroBioInstitute and Small fruit station in Kostinbrod were selected for the study. In the set of varieties included in genotyping analysis cv. Samodiva is a hybrid of the cross B. Rubin x Shopska alena. DNA isolation and fragment analysis. DNA was isolated using 2 x CTAB method according to Murray and Thompson (11) . For SSR polymorphism, PCR reactions were setup in 25 µl reaction with 40 ng DNA, 2µM each primer, 200µM of each nucleotide, 2.0mM MgCl 2 and 0.5U Taq DNA polymerase (Amersham Pharmacia Biotech) per reaction, in Gene Amp PCR System 9700 thermal cycler (Applied Biosystems) for 25 cycles with initially denaturation at 94 ºC for 3.0 min, 94 ºC for 45 sec, annealing at 59 ºC for 45 sec, and extension at 72 ºC for 1.0 min, with final extension step of 5 min at 72 ºC. PCR reactions were denaturated for 3 min at 94 ºC and detected on an automated laser fluorescence (ALF express II) sequencer and analyzed using the software Allele Locator 1.03 (Amersham Biosciences) by comparison to internal size standards with length of 50, 100, 150, 200, 250, 300bp amplified from pUC19 vector. Data analysis. Fragments amplified with microsatellite primers were scored as presence (1) and absence (0). Genetic diversity was calculated using formula of Nei (12), [GD=1-ΣP ij 2 ]. Hierarchical cluster analysis under unweighted pair-group method with an arithmetic average (UPGMA) methodology was applied through XLSTAT 7.5 to build the dendrogram of genetic similarities.
Results and Discussion
Microsatellite polymorphism Sixteen raspberry varieties of Bulgarian germplasm collection were genotyped at 4 raspberry loci using the microsatellite markers as described by Graham et al. (6) . The cultivar set used in this study consisted of 6 Bulgarian varieties, 8 international cultivars ( Table 1 ) and two wild raspberry species: R. occidentalis and R. adiene. Inclusion of international varieties allowed a direct study of relationship and estimation of genetic diversity between them and Bulgarian ones.
A total of 39 alleles were detected at 4 microsatellite loci studied. The number of alleles per locus varied between 5 for locus 108 to 13 for loci 118 and 126 respectively, with an average number of 9.75 alleles per locus. A comparison of the used SSR markers ( Table 2 ) with regard to their information content (PI) (number of alleles and Probability of Identity value) was done. The probability of identity was quite variable, as were the diversity index reflecting the range and frequencies of alleles detected by each microsatellite marker ( Table 3) . PI showed that the most informative loci for the studied varieties were 118 and 126 with the highest number of alleles and PI values 0.045 and 0.043 respectively. Genetic diversity Genetic diversity (GD) was studied in a set of 16 raspberries from Bulgarian collection and separately in the groups representing different geographical regions: Europe, Canada and USA. Mean Genetic Diversity (MGD) in all studied loci was 0.839 ( Table  3 ). The lowest GD was calculated for locus 108 with 0.740 and highest for locus 126 with 0.886 respectively. Genetic diversity (GD) in the group of Bulgarian varieties was 0.705 compared to European with 0.694 and American -0.617 respectively. The higher GD observed in the set of Bulgarian raspberry varieties is probably due to the inclusion of more genotypes.
Estimate heterozigosity
The application of co-dominant SSR markers has allowed the evaluation of heterozigosity. The estimated values of the expected heterozigosity of the studied loci ranged from 0.7402 at locus 108 to 0.8860 at locus 126 with a mean value of 0.8388.
Correspondingly the estimated value of the observed heterozigosity of the studied loci (the percentage of heterozygous individuals among all tested ones) varied between 0.25 at locus 26 to 0.50 at locus 126 with a mean value of 0.3844. The observed heterozigosity is lower than the expected one in all studied microsatellite loci. Conversely, the study of the set of 50 Rubus genotypes, including Rubus species material, European and North American red raspberry cultivars (R. idaeus), black raspberry (R. occidentalis) and purple raspberry (R. idaeus x R. occidentalis), blackberries (R. fructosus L. agg) and hybrids with 10 SSR markers showed that the observed heterozigosity (Ho) is higher than the expected ones in most loci (6) . Different level of mean heterozigosity has also been observed among parental lines (40% for Glen Moy and 84% for Latham, respectively) used in the creation of a mapping population for construction of a genetic linkage map with AFLPs, genomic-and EST-SSR markers (10) . In our study different levels of mean heterozigosity was observed for the parental lines of cv. Samodiva (25% for B. rubin and 75% for Shopska alena). Comparing the results obtained for Bulgarian and world-wide raspberry germplasm collections (6) we can suppose that the heterozygous deficiency observed in the studied set of raspberry genotypes from Bulgarian collection is probably due to the constrains of breeding techniques applied during the development of cultivars as it has been proposed for related species (13) .
In order to characterize further the structure and grouping of 16 raspberry accessions from Bulgarian raspberry germplasm collection a dendrogram deriving from UPGMA cluster analysis based on the genetic similarity (GS) coefficient matrix was designed (Fig. 1) . Generally all accessions could be distinguished. The dendrogram clearly shows the presence of 3 main clusters. Grouping of accessions originating from different geographical regions was observed. All Bulgarian raspberries were grouped in one cluster together with 2 European and one American varieties. The hybrid -cv. Samodiva (B. rubin x Shopska alena) and one of its parents (Shopska alena) are grouping in one of the subclusters obtained. We suggest that a specific flow of the studied chromosomal regions (alleles) from one of the parents into the genome of cv. Samodiva was occured.
The paper reports the first results of the research on molecular characterization of Bulgarian raspberry germplasm collection. The work is a part of long-term studies on preservation and utilization of small fruit's genetic resources on a regional level.
